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ANALYTICAL APPLICATIONS OF ICP-FTS

Lynda M. Faires, Byron A. Palmer, Paul T. Cunningham
Analytical Chemistry Group, Chemistry Division
Los Alamos Netiona! Laboratory
Los Alamos, New Mexico 87545

Abstract

The Analytical Chemistry Group of the Chemistry Division at Los
Alamos National Laboratory has been (inveatigating the analytical
utility of the inductively coupled plasma (ICP) =~ Fourier transform
spectrometer (FTS) combination. While a new state-of-the~-art FTS
facility 1is under construction at Los Alamos, preliminary data has been
obtained on the one-meter FTS at the Naotional Solar Observatory at Kitt
Peak, Arizona. This paper presents an update of the Los Alamos FTS
factlity, which 1s expected to be completed in 1986, and presents data
showing the analytical potential of an ICP-FTS system. Some of the
potential provlems of the multiplex disadvantage are discussed, and the
advantages of the high resolution obtainable with the FTS are
illustrated.

Fourifer transform spectrometers have the potential of fulfilling
many of the criteria of an ideal detection system for analytical atomic
8pectroscopy. They have the ability to provide comprehensive and
simultaneous wavelength coverage over a selected spectral bandpass.
This bandpass may be varied by optical and electronic filtering over
the range from the ultraviolet to the far infrared and may be quite
broad or quite narrow 1in scope. In this respect, Fourier transform
spectrometers resemble the use of photographic deiection techniques,
but they also include the further advantages of ve:y high accuracy of
both the wavelength and the intensity measurements. These features are
combined with h . gh and variable resolution. The resolution obtained
cepends on the extent of the mirrov movement in the {nterfecometer, and
full resolution of wost UV-VIS emiussion lines in the ICP, for example,
can be achieved with an cptical path difference of 10-20 cm. This
resolution can be varied to suit the analytical or experimental problem
siwply by varying the mirror movement. The large iIntennity dynamic
range and high optical throughput of FT instruments make them suitable
for spectrochemical measurements. And their computer compatability
makes dara nanagement easily adapted to modern trends in
computerization of the analytical laboratory,

Historically, Fourier transform spectrometers have been developed
and used for applications in the infrared region cf the apectrum. TIn
deed, they have become {ustruments of cholce for moat TR spectroscopy
after a decade of FTIR development combined with rapid advances {n the
field of computers. The major causes for the mlower development of FTS
in UV-VIS snectroscopy relate primarily to the more critical mechanical
and optical tolerances required for f{interferometry at the shorter
wavelengths, considerations related to free apectral range and
aliasing, and the posaible loss of the multiplex advaatage in
photon-ne{se limited situations. But advances {n modern technolony
have now made development of UV-VIS Fourfer transform spectrometers
both possihble and practical.



The Analytical Chemistry Grouvp of the Chrmistry Divigion of Los
Alamos National Laboratory 1is currently engaged 1in the design and
construction of a state-of-the-art high resolution Fourier transfora
spectrometer. Completion of this instrument is expected in early 1986.
The Los Alamos FTS will have a 2.5 meter optical path difference (with
the option of double-passing io 5 meters). The optical design consists
of a folded Michelson interferometer with two :at’s eye retroreflector
mirror assemblies moving on o0il bearings and translated by linear
motors. There are two optical ports. The servo system will control
the mirror position to within 0.3 nm. The beammrplitters are mounted on
a rotating turret for easy interchange according to the spectral region
being observed. The instrument will be capable of recording unaliased
spectra over the entire range of 200 n to 20 um with wavenumber
accuracy on the order of 0.000]1 cm = and intensity accuracy on the
order of 0.1Z. The A/D converter consists of a 22-bit floating point
converter wirh an  array processor to digitally filter the
interferogram. Extensive software 18 being developed to rapidly
perform the large Fourier tranaforms (up to several million points) and
process the spectral data into convenient formats. The optical design
and specifications of the Los Alamos FTS are given in Figure 1. This
instrument will provide the focus of a new facility which {s expected
to (1) enhance capabilities in analytical chemistry through the
development of new and advanced techniques in spectroscopy (2) provide
high resclution spectroscopic capabilities for the multifaceted needs
of the Los Alamos Nat{onal Laboratory and () operared partially in a
user—facility mode available by proposal to both national and
{nternational scientists.

OPTICAL PATH DIFFERENCE

28 meter
(30 meter double pam)

SPECTRAL RANGE 200 nm - 20 pnh
(60000 - 500 cm"
RESOLUTION 0.002 om-!
(0001 em™' double pass)
INTENSITY ACCURACY 0.1%
WAVENUMBER ACCURACY 00001 om™!
SCAN TIME (FULL RESOLUTION) 4 min

FIGURE 1



This laboratory has been {involved for the past three years in
exploring the potential of combining the inductively coupled plasma
(ICP) excitacion source for atomic emission spectroscopy with the
Fourier transform spectrometer {FTS) as a detection system to produce a
new technique: ICP-FTS. Preliminary experiments have been conducted
using the one meter FTS located in the McMath Solar Telescope of the
National Solar Observatory at Kitt Peak, Arizona. The designer of this
instrument, Dr. J. W. Brault, has been a key consultant on the Los
Alamos FTS project and has collaborated on the ICP-FTS studies. These
experiments have demonstrated the potent’al of ICP-FTS both as e
powerful diagnostic tool for spectrophysical studies of the ICP source
and as a new method of analytical spectrochemical measurements.

ICP~FTS studies to date have included: the measuremenrt of an
excitation temperature vertical profile in the plasma [1], iine width
and line shape analysis [2], ICP emission characteristics in the IR to
2 um [3] and beyond to 5 um, the observation of high temperature
molecular spectra such as OH and CN, assessment of the possibility of
making new or improved measurements of atomic oscillator strengths [&],
the recording of high resolution ICP wavelength tables [5] and
reference spectra, the development of advanced analytical techniquee
[6,7), and studies of the noise characteristics of the ICP-FTS
combination.

In order to assess the utility of ICP-FTS for analytical
applications, working curves and detecticn limits have been established
for several elements. In the cases where the same analytical UV
wavelengths that are used {in commercial wavelength-dispersive ICP
spectrometers were accessible nuging the Kict Peak FTS (which has an
instrumental short wavelength cutoff at about 250 nm), decection limits
by ICP-FTS were found to be comparable to those usually reported for
ICP. In some cases however, it was necess.ry tc use alternate and less
sensitive lines for some elements, and the resulting detection limits
were found to be somewhat higher, as expected. The Los Alamos FTS
should have an Ingstrumental cutoff of 200 nm or below in the UV,
allowing the use »f the most sensitive emniss{on lines for ICP analysis.
Working curves were found to bte linear over the standard range of
concentrations, with the uxception of the alkali and alkaline earth
elements which exhibit sowe self-abscrption at concentrations in excess
of 100 ug/ml. Typical working curves for the Al 1 396.15 nm and the Ca
IT 393.37 nm lines are shown in Figures 3 ard 4.
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The calculation of detection
limits by ICP-FTS requires some

- special consideration due to the
E mulciplex nature of the
E spectrometer. Since all the
I Y Vs emission intensicy from the
i source falls on a single detector
all the time during the
measurement process, the total
oy s sy = noise from the source will be
WINUMBER (emm") distribuced throughout the

N ippm spectrum which results from the

101 mathematical transformation, and
each spectrum will have some
different level of baseline noise
o depending on the particular

E

E composition of the sample. This
; baseline noise is measured as the
a 0o standard deviation of the

baseline intensity across a
portion of the spectrum which
does not contain any emission

"o = = lines. In order for an emission
WAENUMBER (om™) line 1in the spectrum to be

Co Oppm M ippm "detectable,”" 1t must have an

ul intensity equal to some multiple

(usually two, by definfition) of
the baseline noise, Since the
s baseiine noise 1in a particular
spectrum will depend on the total
comporition of the particular
sample, then strong lines of
matrix elements in the sample may
increase the baseline noise of
that spectrum and thereby degrade

R~ (=~ =) the detection limite for other

RIUMEER (om”) analytes in the sauple. This

FIGURE 4 effect {¢ called the multiplex
disadvantage.

Studies 1in thir laboratory [6] predict that the 'worse case'" multiplex
disadvantage will occur when alkaline earth elements are present as
matrix elements in the samples. Trangition metul elements at moderate
concentrations do not cause such severe effectns. Figure 4 1{llustrates
a 'worse case'" example of the Increase in spec'.ral baseline noias in
the presence of calcium matrix. In this figure, a portio of the
spectrum centered around the Ni I 352,45 nm (2%364.39 em™ ') Iine {8
plotted on the same scale for direct comparison in each of the three
cases. In the top figure, the spectrum of the hlank solution showr the
baseline nuoise level due to background emission of the ICP mource. in
the central figure, the N{ T line due to the 1| ug/ml Ni molutfon !r
clearly evident, and the baselin» noise is not si{gnificantly different
from that of the blank solutfon, In the hottom figure, the NI I iine
due to | ug/ml NI is still present at the same intensity ns atove, bhut
now the presence of 10 ug/ml Ca has increased the baseline nolge hr a
factor greater than 10 and therefore degraded the detection limita for
Ni i{n the sample by the same factor.



Mecthods o1 overcoming chis pmultiplex disadvantage problem and
improving usensitivity for ICP-FTS 1in general arz currently being
explored. These methods include: (1) optical filtering and limited
bandpass (2) post-FTS dispersion and multiple detectors (3) multiple
line analysis (4) correlation techniques in both the Fourier and the
frequency domains and (5) torch and nebulizer dusign to reduce source
noise,

One of the most outstanding advancages of using Fourier transform
spectrometers for ICP applications 1s the Ligh resolution which is
relatively easily attainable with those 1instruments. The resolution
(in wavenumbers) 1is equal to 1/(2%optical path difference in cm). An
optical path difference ?f 20 cm in the interferometer results in a
resolution of 0.025 cm™ ' which is equivalent to a resolution of 0.0002
nm at 300 nm. Since typical line widths of emission lines im the ICP
are on the order of 0.003 nm [2], this is sufficient to fully resolve
most emission lines in the source.

There are three
obvious benertfts of this
N agaomy tesult. Firsc s  the

powerful information

h available for plasma
377.7-369.4 nm diagnostics and studies of

8.3 nm excitation mechanisms.

- Second 1s the reduction of

€00 cm”' spectral interferences 'in

complex matrices such as

actinides and rare earths
20407 AA,/’4.7‘V\\\, 27087 to those interferences

which are due to the
//,/’/ri - ‘\\} natural linewidths

themselves. Third Is the

_ abilicy to use high

373.:‘:::1 nm resolution, combined with

—om the FTS accuracy in

60 cm"! wavelengths and

| intensities, to generate a

new set of standard

N P N reference tables for ICP
reve? PN 2s807 emiasion [ 5].
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The ability of high resolution FTS to extract useful analytical
lines cut of extremely complex spectra is illustrated in Figure 5. Each
segment shown here is from the same ICP-FTS spectrum of 1000 ug/ml} Fe
in 2600 pg/ml U. The top figure shows a 8.3 nm section containing
dozena of strong and weak lines of both components. The middle figure
shows the central 9.8 nm of the previous segment, plotted on an
expanded scale. Now the 1individual 1lines are beginning to be
distinquishable, but weak lines of U are seen to lie too close to ite
Fe lines to be resolved by conventional grating spectrometers. In the
lower figure, the central 0,1 nm of the previocus segment is again
plotted on expanded scale, showing that the Fe I line at 373.49 nm s
actually fully resolved from any U interferences and can te used for
quantitative analysis without any corections for spectral
interferences and wirhout any time consuming pretreatment or chemical
separation steps performed on the sample before analysis. Similar
successful resolution of many other analytical 1lines of several
elements in the U matrix has been observed, and it is anticipated that
the same advantage will be realizable in Pu matrix as well.

Summary

ICP-FTS promises to be an exciting and powerful new technique for
spectrophysical and spectrochemical measurements. The multiplex
characterigtics of the FTS require special consideration {1iu
understanding and optimizing the analytical performance of ICP~FTS or
in designing a FTS specifically for ICP applications. (rmprehensive
wavelength coverage, high accuracy of wavelengths and intensities, and
high resolucion are the outstanding features of FTS instruments for
analytical atomic emission spectroscopy.
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